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1. Active sites on Pt201 
 
Figure S.1 contains the different kinds of surface atoms and facets on Pt201. 
 
 
Figure S.1. Structure of the nanoparticles included in this study, where T stands for terrace and E for edge. a) Perpendicular 
views to a (100) terrace for Pt38 (regular octahedron), Pt79 (irregular truncated octahedron) and Pt201 (regular octahedron). b) 
Perpendicular view to a (100) terrace, and c) perpendicular view to a (111) edge for Pt201. The (111) and (100) edges are 
marked by red and yellow lines. d) Perpendicular view to a (100) terrace. Different colors are used to mark atoms at: the center 
(white) and middle (orange) of (111) terraces; (111)- and (100) edges (red and yellow, respectively); (100) terrace centers 
(black); kinks (blue); the core of the nanoparticle (green). 
 
The shape of the particle corresponds to a truncated octahedron of nearly 2 nm in diameter, with eight 
(111) terraces and six (100) terraces (denoted by 111T and 100T, respectively). There are twelve edges at 
the intersection of neighboring (111) facets, while there are twenty-four edges between neighboring (100) 
and (111) facets (denoted by 111E and 100E, respectively). Besides, there are twenty-four corners at the 
intersection between two neighboring (111) terraces and a (100) terrace (called kinks). In total, the outer 
shell of the particle possesses 122 Pt atoms and the core has 79. Adatoms were also added to Pt201 in 
order to increase the types of active sites and explore the properties of highly unsaturated surface Pt 
atoms: 1AD–111, 2AD–111, 2AD–100 denote active sites made of one or two Pt adatoms at (111) and 
(100) terraces, respectively. We also studied Pt38 (truncated octahedron) and Pt79 clusters (irregular 
truncated octahedron, as found in the core of Pt201).  
Table S.1 contains the top sites on Pt201 (with one and two Pt adatoms as well), their usual coordination 
numbers (cn), generalized coordination numbers (𝐶𝑁), and d-band centers (εd).   
 2 
 
Table S.1. Bulk and surface top sites on Pt201. The band centers are given in eV. The color code is as described in Figure 1 in 
the main text. g: green, w: white, o: orange, b: black, y: yellow, r: red, bl: blue. The locations of the platinum adatoms are 
given in parentheses. 
 
Facet / site cn 𝐶𝑁 εd (VASP) 
bulk (g) 12 12.00 -3.16 
111T / terrace center (w) 9 7.50 -2.52 
111T / terrace middle (o) 9 6.92 -2.55 
100T / terrace (b) 8 6.33 -2.34 
100E (y) 7 5.17 -2.33 
111E (r) 7 5.00 -2.47 
kink (bl) 6 4.25 -2.36 
2AD @ 100T (hollow) 5 3.25 -2.11 
1AD @ 100T (hollow) 4 2.67 -2.04 
2AD @ 111T (FCC middle-111E) 4 2.50 -2.01 
1AD @ 111T (FCC middle-111E) 3 2.08 -1.77 
 
Table S.2 shows the way of calculating generalized coordination numbers based on the usual ones for the 
top sites in Pt201. The usual coordination number (2nd column) tells the total number of nearest neighbors, 
while the 3rd to 12th columns show the coordination numbers of those neighbors. 𝐶𝑁 is the result of the 
linear combination of the various usual coordination numbers and their abundance, divided by 12. For 
instance, an orange atom in Figure 1 has 9 nearest neighbors, one of which has cn = 6, two have cn = 7, 
three have cn = 9, and three have cn = 12. Thus, ( )
_____
111 1 6 2 7 3 9 3 12 /12 6.92TCN = × + × + × + × = . 
 
Table S.2. Coordination number matrix for various top sites on Pt201. 
 
Facet / site cn 3 4 5 6 7 8 9 10 11 12 𝐶𝑁 
111T / center (g) 9 0 0 0 0 0 0 6 0 0 3 7.50 
111T / middle (o) 9 0 0 0 1 2 0 3 0 0 3 6.92 
100T (b) 8 0 0 0 0 4 0 0 0 0 4 6.33 
100E (y) 7 0 0 0 2 0 1 2 0 0 2 5.17 
111E (r) 7 0 0 0 2 0 0 4 0 0 1 5.00 
kink (bl) 6 0 0 0 0 3 0 2 0 0 1 4.25 
2AD @ 100T 5 0 0 1 0 1 1 1 1 0 0 3.25 
1AD @ 100T 4 0 0 0 0 1 2 1 0 0 0 2.67 
2AD @ 111T 4 0 1 0 0 1 0 1 1 0 0 2.50 
1AD @ 111T 3 0 0 0 0 1 1 0 1 0 0 2.08 
 
Moreover, generalized coordination numbers have also been calculated for bridge and hollow sites, as 
shown in Tables S.3 and S.4. The values for cn are taken as the arithmetic average of the values in Table 
S.1. In that way, the usual coordination number (cn) of a (100) edge, which is formed by a purely (100)-
edge atom and a kink atom, is (7 + 6) / 2 = 6.5. The values for the hollow sites are estimated likewise. 
On the other hand, generalized coordination numbers for bridge sites are taken as the weighted average of 
the nearest neighbors of the two atoms forming the bridge, avoiding double counting, and using 18 as 
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normalizing factor, which is the maximum coordination number of twofold sites in the bulk. Similarly, 
generalized coordination numbers for hollow sites are taken as the weighted average of the nearest 
neighbors of the three (in (111) facets) or four (in the (100) facets) atoms forming the hollow, avoiding 
double counting, and using 22 (for (111) facets) and 26 (for (100) facets) as normalizing factors, which 
are the maximum coordination numbers of threefold and fourfold sites in the bulk.  
 
Table S.3. Coordination number matrix for various bridge sites on Pt201. 
 
Facet / site cn 3 4 5 6 7 8 9 10 11 12 CN 
111T / center-middle (w-o) 9.0 0 0 0 1 2 0 5 0 0 5 6.94 
111T / middle-middle (o-o) 9.0 0 0 0 2 3 0 3 0 0 12 6.67 
111T / middle-111E (o-r) 8.0 0 0 0 2 1 0 5 0 0 3 5.56 
111T / middle-100E (o-y) 8.0 0 0 0 2 1 1 3 0 0 4 5.67 
111T / middle-kink (o-bl) 7.5 0 0 0 0 3 0 4 0 0 3 5.17 
100T (b-y) 7.5 0 0 0 2 3 0 2 0 0 4 5.50 
100E (y-bl) 6.5 0 0 0 1 2 1 3 0 0 2 4.39 
111E (r-bl) 6.5 0 0 0 1 2 0 4 0 0 2 4.44 
2 AD @ 100T 5.0 0 0 0 0 2 2 1 1 0 0 2.72 
2 AD @ 111T 4.0 0 0 0 0 2 0 1 2 0 0 2.39 
 
Table S.4. Coordination number matrix for various hollow sites on Pt201.  
 
Facet / site cn 3 4 5 6 7 8 9 10 11 12 CN 
111T / HCP center (w-o-o) 9.00 0 0 0 2 3 0 4 0 0 7 6.95 
111T / FCC center (w-o-o) 9.00 0 0 0 2 3 0 4 0 0 6 6.41 
111T / HCP middle-111E (o-o-r) 8.33 0 0 0 2 2 0 5 0 0 5 5.95 
111T / FCC middle-111E (o-r-bl) 7.67 0 0 0 1 2 0 5 0 0 3 4.59 
111T / HCP middle-100E (o-y-bl) 7.67 0 0 0 1 2 1 4 0 0 4 5.09 
111T / FCC middle-100E (o-o-y) 8.33 0 0 0 2 2 1 3 0 0 5 5.50 
100T (b-y-y-bl) 7.25 0 0 0 2 3 0 4 0 0 4 4.50 
 
2. Active sites on extended surfaces 
 
Table S.5 contains the different crystal facets included in the present study. The d-band centers (εd) 
calculated with two different codes (VASP and Quantum Espresso (QE)) and the k-point samplings used 
in the calculations are provided.  
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Table S.5. Surface sites on extended surfaces. The band centers are given in eV. 
 
Facet / site cn 𝐶𝑁 εd (VASP) εd (QE) k-point sampling 
bulk 12 12.00 -3.05 -2.85 11×11×11 
532 / bottom of 111 step 11 9.58 -2.90 -2.54 4×3×1 
553 / bottom of 111 step 11 9.50 -2.63 -2.40 5×3×1 
211 / bottom of 100 step 10 8.75 -2.62 -2.33 6×4×1 
532 / bottom of 100 step 10 8.42 -2.61 -2.31 4×3×1 
111 / terrace 9 7.50 -2.38 -2.16 6×6×1 
100 / terrace 8 6.67 -2.34 -2.08 6×8×1 
110 / surface 7 5.83 -2.30 -2.05 5×4×1 
211 / 100 step edge 7 5.58 -2.36 -2.11 6×4×1 
553 / 111 step edge 7 5.50 -2.38 -2.15 5×3×1 
532 / kink 6 4.75 -2.26 -2.02 4×3×1 
Defective 211 / kink 6 4.67 -2.32 -2.04 4×5×1 
2 adatoms @ 100 terrace 5 3.58 -2.20 -1.97 3×4×1 
1 adatom @ 100 terrace 4 3.00 -2.01 -1.83 3×4×1 
2 adatoms @ 111 terrace 4 2.92 -1.98 -2.01 4×4×1 
1 adatom @ 111 terrace 3 2.50 -1.72 -1.55 4×4×1 
2 adatoms @ 211 step edge 3 1.67 -1.65 -1.52 6×4×1 
 
Note that Figure 4 in the main text was made with the data from Tables S.1 and S.5. The coordination 
number matrix for the top sites in extended surfaces appears in Tables S.6 to S.8.  
 
Table S.6. Coordination number matrix for various top sites on extended surfaces. 
 
Facet / site cn 3 4 5 6 7 8 9 10 11 12 𝐶𝑁 
532 / bottom of 111 step 11 0 0 0 1 0 1 1 2 0 6 9.58 
553 / bottom of 111 step 11 0 0 0 0 2 0 2 0 2 5 9.50 
211 / bottom of 100 step 10 0 0 0 0 1 0 2 2 0 5 8.75 
532 / bottom of 100 step 10 0 0 0 1 0 1 2 1 1 4 8.42 
111 / terrace 9 0 0 0 0 0 0 6 0 0 3 7.50 
100 / terrace 8 0 0 0 0 0 4 0 0 0 4 6.67 
110 / surface 7 0 0 0 0 2 0 0 0 4 1 5.83 
211 / 100 step edge 7 0 0 0 0 2 0 2 0 1 2 5.58 
553 / 111 step edge 7 0 0 0 0 2 0 2 0 2 1 5.50 
532 / kink 6 0 0 0 0 1 1 1 1 1 1 4.75 
Defective 211 / kink 6 0 0 0 1 0 1 1 1 1 1 4.67 
2 adatoms @ 100 terrace 5 0 0 1 0 0 0 2 2 0 0 3.58 
1 adatom @ 100 terrace 4 0 0 0 0 0 0 4 0 0 0 3.00 
2 adatoms @ 111 terrace 4 0 1 0 0 0 0 0 2 1 0 2.92 
1 adatom @ 111 terrace 3 0 0 0 0 0 0 0 3 0 0 2.50 
2 adatoms @ 211 step edge 3 1 0 0 0 0 1 1 0 0 0 1.67 
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Table S.7. Coordination number matrix for various bridge sites on extended surfaces. 
 
Facet / site cn 3 4 5 6 7 8 9 10 11 12 𝐶𝑁 
111T 9 0 0 0 0 0 0 8 0 0 5 7.33 
100T 8 0 0 0 0 0 6 0 0 0 6 6.67 
211 / 100E 7 0 0 0 0 2 0 3 2 0 3 5.39 
553 / 111E 7 0 0 0 0 2 0 3 0 3 2 5.44 
defective 211 / kink 6 0 0 0 0 0 2 1 2 2 1 4.39 
2 AD @ 100T 5 0 0 0 0 0 0 4 2 0 0 3.11 
2 AD @ 111T 4 0 0 0 0 0 0 0 4 1 0 2.83 
2AD @ 100E 3 0 0 0 0 0 2 0 1 0 0 1.44 
 
Table S.8. Coordination number matrix for various hollow sites on extended surfaces. 
 
Facet / site cn 3 4 5 6 7 8 9 10 11 12 𝐶𝑁 
111T / HCP 9.0 0 0 0 0 0 0 9 0 0 7 7.50 
111T / FCC 9.0 0 0 0 0 0 0 9 0 0 6 6.95 
100T 8.0 0 0 0 0 0 8 0 0 0 9 6.62 
 
The comparison between the d-band centers calculated with VASP and Quantum Espresso (QE) is given 
in Figure S.2.  
 
Figure S.2. Relationship between generalized coordination numbers and d-band centers calculated with VASP (blue) and 
Quantum Espresso (red). The solid lines correspond to the linear fits to the points, the equations and correlation coefficients of 
which are also given.  
 
The slopes of the linear fits are in good agreement (0.121 vs. 0.105) and there is an average shift of 0.23 
eV between the d-band centers calculated with the two codes, while the standard deviation is only 0.07 
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eV (computed by subtracting the data in the 4th and 5th columns of Table S.5). It is also noteworthy that 
the region of nearly constant d-band centers is observed in the results of both codes, being it located in the 
case of VASP at -2.35 eV and at around -2.07 eV for QE. 
 
3. Generalized and usual coordination numbers 
 
Since generalized classical numbers are a first-order extension of usual coordination numbers, it is 
expectable that a correlation between them must exist. Such correlation is evident in Figure S.3, where it 
is clear that both variables span the range between 0 and 12, but the generalized version is more 
descriptive than the usual one, as it allows to distinguish sites with identical number of nearest neighbors 
but different geometric configurations and/or different kinds of nearest neighbors. 
 
Figure S.3. Correlation between generalized and classical coordination numbers (𝐶𝑁 and cn, respectively) for all top, bridge 
and hollow sites considered in this study. 
 
Data for top sites in Pt38 and Pt79 are also included in Figure S.3. In Pt38 there are only two kinds of top 
sites: those in (111) terraces (cn = 9, 𝐶𝑁 = 6.00) and kinks (cn = 6, 𝐶𝑁 = 4.00). In Pt79 there are three 
kinds of top sites: those in (111) terraces (cn = 9, 𝐶𝑁 = 6.67), (111) edges (cn = 7, 𝐶𝑁 = 6.67) and kinks 
(cn = 6, 𝐶𝑁 = 4.08). 
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4. Generalized coordination numbers vs. d-band centers: model  
 
In the following we present a more detailed derivation of Equation 4 in the main text. Following the 
formulation of Eichler et al of the model bond-cutting model[1], the cohesive energy of the bulk can be 
written as:  
_____
2
bulkbulk
COH
e CNE =                                                                                       (S.1) 
Where ebulk is the energy per nearest-neighbor bond and the division by 2 originates from the fact that a 
single bond is made between two atoms, i.e. it avoids double counting. Note that the experimental 
cohesive energy of Pt is -5.85 eV (from Ref.[2]). Within this model, the formation of low-coordinated 
objects, e.g. surfaces, is regarded as a perturbation to fully coordinated objects, i.e. the bulk. Robertson et 
al (see Ref[11] in the main text) have shown that the total energies per atom in aluminum surfaces exhibit a 
square-root dependence with respect to usual coordination numbers in the range 0 – 12. In any case, note 
that the first-order Taylor expansion of a square root is a straight line and the approximation should be 
valid within some defined interval. Based on Robertson et al’s results and ours in Figure 3 we conclude 
that the linear approach presented in our manuscript holds for usual coordination numbers (cn) ranging 
from 3 to 12 (CN ranging from 1.44 to 12), which corresponds to the range of interest in surface science 
and catalysis. Below cn = 3 some discrepancies might appear, but we emphasize that sites with usual 
coordination numbers 1 and 2 are not likely to be observed on regular catalytic surfaces (they correspond 
to metal adatoms bound on top and bridge which are not stable sites) and that null coordination numbers 
correspond to free atoms with no nearest neighbors, i.e. where the concept of surface is not applicable.  
The slab formation energy (σ) with respect to the bulk is, thus: 
_____ _____
2 2
slab bulkslab bulk
slab bulk
e CN e CNE Eσ = − = −                                                                                        (S.2) 
Since eslab and 𝐶𝑁slab are average values comprising all the different surface sites present in a given slab, 
it is possible to split the various contributions according to the ratio of the number of layers exposed to 
vacuum (α) and those inside the slab (β), so that after some reorganizing Equation S.2, eslab is 
approximated as: 
_____ _____
2 2COH COH
slab
surf bulk
E Ee
CN CN
α β≈ +                                                                                        (S.3) 
Our slabs had four atomic layers, so α = β = ½, and Equation S.2 transforms into:   
_____
_____ 12
surfCOH
bulk
E CN
CN
σ
⎛ ⎞
⎜ ⎟≈ −
⎜ ⎟
⎝ ⎠
                                                                                       (S.4) 
Following the d-band model[3], the largest part of σ, which is a difference between slab and bulk 
energetics, should be due to the narrowing of the valence d states compared to the bulk caused by the 
decrease in coordination number, which results in poorer orbital overlap. Conversely, contributions 
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arising from valence s states should approximately cancel out or be constant for different surface facets. 
One can further simplify the picture by representing the whole d bands by their average energies, i.e. their 
band centers, and taking the average occupation of the d states (θd) as 1.8, given that the whole band of 
platinum possesses 5 orbitals in which 9 electrons are allocated (Equation 3 in the main text). 
Summarizing, sigma can be estimated in terms of d-band centers as follows: 
( )* *surf bulkd d dσ θ ε ε≈ −                                                                                        (S.5) 
Equation S.5 shows the proportionality between surface energetics and the electronic structure of the 
atoms that compose it. Note, however, that the band centers in Equation S.5 are calculated over occupied 
states only. The relationship between the d-band centers calculated over the whole d-band and those up to 
the Fermi level for Pt is a factor f of 1.125, according to the rectangular band approximation[4], as shown 
in Figure S.4.  	  
 
Figure S.4. Rectangular approximation for the pDOS of a d band filled with 9 electrons. The length of the band up to the 
Fermi level is Ω, the unoccupied part is as large as Ω / 9, the height of the rectangle is 9 / Ω. εd* and εd are the d-band centers 
considering only occupied states and all (occupied and unoccupied) states, respectively. 
 
Within this approximation, the entire d-band with its peaks and valleys is replaced by a rectangle, the total 
area of which is equivalent to 10, i.e. the number of d-states, and the area up to the Fermi level being 
equivalent to the d-band filling. In this particular case, the latter equals 9 electrons, as platinum is a d9 
metal. If one assumes that the length of the d-band up to the Fermi level is Ω, the height of the rectangle 
must be 9 / Ω and the fraction of unoccupied states must be Ω / 9. Since the area of the rectangle for 
occupied states is Ω * 9 / Ω = 9 e-, and the full area of the rectangle is (Ω + Ω / 9) * 9 / Ω = 10 e-, the 
aforementioned conditions of band filling are satisfied.  
εd
* and εd are the d-band centers considering only occupied states (up to the Fermi level) and all 
(including occupied and unoccupied) states, respectively. It can be shown that εd* = - Ω / 2, and εd = - 4 
Ω / 9. From these two results, it follows that the relationship between the two kinds of d-band centers is: 
εd
* = 9 εd / 8. Thus 9 / 8 = 1.125 is the factor f in Equation 4 in the main text.  
The combination of Equations S.4 and S.5 provides the approximate correspondence between εd and 𝐶𝑁:   
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_____
_____ 12  
surfsurf bulk COH
d d
d bulk
E CN
f CN
ε ε
θ
⎛ ⎞
⎜ ⎟≈ + −
⎜ ⎟
⎝ ⎠
                                                                                       (S.6) 
Where εdbulk is constant for a given transition metal and equal to -3.05 eV for the particular case of Pt, 
within the PBE formalism. 
 
5. Generalized coordination numbers vs. d-band centers: statistical analysis 
 
In Table S.9 we present the offsets and slope of the linear fits in Figure 3. In each case the fits are given 
for the adsorption energies with respect to generalized coordination numbers and d-band centers. 
 
Table S.9. Parameters of the linear fits in Figure 3. The offsets are given in eV. 
 
species offset vs 𝐶𝑁 slope vs 𝐶𝑁 offset vs εd slope vs εd 
*O -1.936 0.118 -3.330 -0.852 
*O2 -2.418 0.227 -4.766 -1.503 
*OH -3.811 0.166 -5.689 -1.171 
*OOH -2.303 0.152 -3.950 -1.051 
*H2O -0.886 0.092 -1.719 -0.568 
*H2O2 -0.906 0.087 -1.782 -0.576 
 
 In Table S.10 we present summaries of the correlation coefficients (r), the mean absolute errors (MAE) 
and the maximum absolute errors (MAX) related to the linear fits provided in Figure 3 in the main text. 
The MAE and the MAX correspond to the differences between the DFT-calculated data and the 
predictions using linear fits. 
 
Table S.10. Statistical analysis of the correlations in Figure 3 between generalized coordination numbers, d-band centers and 
adsorption energies.  
 
species r (𝐶𝑁) r (εd) MAE (𝐶𝑁) / eV MAE (εd) / eV MAX (𝐶𝑁) / eV MAX (εd) / eV 
*O 0.90 0.87 0.09 0.09 0.18 0.16 
*O2 0.90 0.75 0.17 0.26 0.35 0.55 
*OH 0.85 0.80 0.15 0.16 0.37 0.47 
*OOH 0.92 0.87 0.09 0.11 0.24 0.36 
*H2O 0.96 0.80 0.04 0.09 0.13 0.18 
*H2O2 0.91 0.82 0.05 0.08 0.14 0.18 
average 0.91 0.82 0.10 0.13 0.24 0.32 
 
It can be seen in Table S.10 that generalized coordination numbers perform better than d-band centers 
when describing trends in adsorption energies, considering their superior correlation coefficients and 
smaller MAEs and MAXs. 
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6. Generalized coordination numbers vs. other electronic-structure descriptors 
 
As briefly mentioned in the main text, generalized coordination numbers are correlated with electronic-
structure descriptors other than d-band centers. In order to support this, we present in Figure S.5 the 
integrated pDOS for various sites in extended surfaces of platinum. The different curvatures of the 
integrated pDOS of the sites qualitatively suggest that the way in which platinum d-bands are filled 
depends on the geometric environment of the site. To quantify this statement, we have marked the Fermi 
level (dashed vertical line) and a d-band filling of 5 states (dashed horizontal line). The insets in Figure 
S.5 help understand the trend: at the Fermi level, the top inset indicates that larger atoms with 
coordination numbers possess larger d-band filling. The bottom inset contains the half-wave energy, i.e. 
the energy required to reach a d-band filling of 5 electrons. Similarly to the d-band filling at the Fermi 
level, this trend indicates that atoms with larger coordination numbers reach a half-filled band at lower 
energies than those with smaller coordination numbers. These correlations corroborate the close 
relationship between electronic and geometric structure and the suitability of generalized coordination 
numbers to evince such relationship. 
 
 
Figure S.5. Integrated densities of states for various sites in extended surfaces of platinum. The dashed lines mark the Fermi 
level (vertical line) and a d-band filling of 5 electrons (horizontal line). Top inset: variations of the d-band filling at the Fermi 
level with respect to 𝐶𝑁. Bottom inset: half-wave energies vs. 𝐶𝑁.  
 
7. Detailed version of Figure 1 
 
Figure S.6 contains the adsorption energies of *OH atop (from Figure 1 in the main text) plotted against 
generalized coordination numbers with labels on the points to help identify all facets. 
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Figure S.6. Adsorption energies of *OH atop various sites in Pt38 (squares), Pt79 (diamonds), Pt201 (triangles) and extended 
surfaces (circles). The labels indicate the kind of site with T: terrace, E: edge, AD: platinum adatoms. 
 
8. Computational details 
 
All DFT calculations were performed with the 5.3.2 version of the VASP code[5] with the Perdew-Burke-
Ernzerhof (PBE) exchange-correlation functional[6]. Ionic cores were described by Projector Augmented 
Wave (PAW) potentials[7]. For the structure relaxation of extended surfaces four metal layers were used, 
the two topmost of which were allowed to relax in all directions together with the adsorbates, and the 2 
bottom layers were fixed at the optimized bulk positions, where the lattice constant is 3.98 Å and Pt-Pt 
distance of 2.81 Å within the PBE formalism. For nanoparticles, all atoms were free to move in all 
directions. The atomic relaxations were carried out with the quasi-Newton minimization scheme, until the 
maximum force on any atom was below 0.05 eV Å-1 on extended surfaces and 0.01 eV Å-1 on 
nanoparticles. Adsorbate coverages on surfaces were, in all cases, sufficiently low to avoid adsorbate-
adsorbate interactions. For extended surfaces, the vertical separation between successive slabs was in all 
cases more than 14 Å and dipole corrections were applied. The nanoparticles were simulated in a cubic 
box of 26 Å × 26 Å × 26 Å in which the lowest average distance between images was approximately 10 
Å and ensured convergence of the adsorption energies. The geometry optimization was performed with a 
plane-wave cutoff of 400 eV. The Brillouin zones of all systems were sampled with Monkhorst-Pack 
grids[8]. For nanoparticles we used the gamma point, whereas the k-point meshes for extended surfaces 
are given in the last column of Table S.5. Such k-point samplings ensure convergence with respect to 
adsorption energies within a range of 0.05 eV or below. The Fermi level was smeared with the 
Methfessel-Paxton approach[9] with a Gaussian width of 0.2 eV, and all energies were extrapolated to T = 
0 K. The DFT energies of adsorption of the oxygen- and hydrogen-containing adsorbates, namely *O, 
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*O2, *OH, *OOH, *H2O and *H2O2 were calculated relative to the clean surfaces and the following gas-
phase references: ½ O2, O2, OH, OOH, H2O and H2O2, respectively in the following way: 
* *ADS A AE E E EΔ = − − , where * is an active site and A and *A are the gas-phase and adsorbed states of a 
given species. The gas-phase references were calculated in cubic boxes of 15 Å × 15 Å × 15 Å using a 
gamma point distribution and an electronic temperature of 0.001 eV. Note that no entropy or zero-point 
energy corrections were added to those values. The d-band center corresponds to the weighted mean (i.e. 
the first band moment) of the d-band energy with respect to the Fermi level, calculated from the projected 
densities of states (pDOS). The pDOS was calculated from -20 to 15 eV with 3500 grid points, ensuring 
in all cases a total number of 10 d states and occupations close to 9 e- in the Pt atoms.  
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